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ABSTRACT 
Lead azide [Pb(N3) 2] was decomposed thermally in a 
specially constructed reaction chamber. The physical pro-
perties of the fully decomposed product, porous lead, were 
investigated by several techniques. 
Photomicrographs indicated that for both unreacted 
and fully decomposed lead azide, approximately 60% of the 
particles appeared spherical while 40% appeared cylindri-
cal. An average particle diameter of 5.5 microns was 
measured for both specimens. 
The bulk density of the decomposed product was 1.18 
gm/cc with a porosity of 90% as compared to 0.54 gm/cc 
for the non-reacted lead azide. 
An x-ray diffraction pattern of the decomposed pro-
duct revealed some contaminants, principally litharge 
lead monoxide [PbO), present as a result of lead oxidation. 
Nevertheless, BET measurements of the same material showed 
that it possessed a surface area of 6.9 m
2/gm. The cal-
culated surface area for nonporous spherical lead particles 
of 5.5 microns diameter is 0.096 m
2/gm. A BET area of 0.232 
m2/gm for nonreacted lead azide has been calculated, and 
confirmed experimentally. 
1 
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INTRODUCTION 
Lead azide [Pb(N3) 2], a white crystalline solid, i
s 
a conunercially valuable primary ex:elosive. It is rela-
tively stable, yet detonates with the high velocity r_e-
quired to fire secondary explosives used in blasting. Its 
physical properties are listed in Table 1. In the absence 
of oxygen, lead azide follows the irreversible decompo-
sition 
-+ 
producing pure lead and nitrogen. This evolution of gas 
during decomposition generates a network of pores within 
the particles which contributes to the formation of a 
high surface area lead product. The large surface area 
thus produced in the fully decomposed lead azide deserves 
further investigation into possible usea for this unique 
material. 
OBJECTIVES 
This study was initiated with the following main 
objectives: 
(1) The first objective was to construct an apparatus in 
which lead a2ide is thermally decomposed under vacuum. 
This apparatus would permit controlling, monitoring and 
recording the decomposition rate. Safety in handling and 
storing lead azide, and ease of recovery of the product 
2 
TABLE (1) 
PHYSICAL PROPERTIES OF ALPHA-LEAD AZIDE 
Molecular weight 
·. 11 Crystal density 
Bulk density, 7 micron particles
11 
f 1 . 9 Heat o exp osion 
Thermal conductivity, crystalf
3 
Thermal conductivity powder
5 
(in nitrogen atmosphere) 
H 't 1 eat capac1 y 
Solubility in water
6 
18°C 
10°c 
3 
·291.26 
4.705 gm/cc 
0.54 gm/cc 
297 cal/gm 
4.2 cal/sec cm°K 
1.55 x 10-4 cal/sec cm°K 
0.116 cal/gm°C 
0.02% 
0.09% 
were also important. 
(2) The second objective was to produce a sufficient 
amount of decomposed lead azide so that an investigation 
of its physical properties could be made. 
(3) The third objective was to determine the BET surface 
area, particle size, and bulk density of the fully decom-
posed product. 
4 
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BACKGROUND 
Lead azide, discovered in 18915 and.patented for use 
in detonators in 1907, was not widely used commercially 
until 1920 because of hazards involved in its manufacture. 
Lead azide first appeared in the United States in 1931 in 
an impure farm called dextrina ted lead a.zide, a ·farm which 
is still in use today6 
After it was discovered that lead azide was a useful 
primary explosive, investigators began to study the de-
composition process of lead azide to determine the kinetic 
mechanism of decomposition and its decomposition rate. 
The physical properties of the decomposition product, 
porous lead, have not been fully investigated. 
Griffiths and Groocock10 applied nucleation theory 
to the decomposition of what they termed "remarkably uni-
form" lead azide in an attempt to arrive at a rate ex-
pression based on a theoretical model. Their remarkable 
results and unique theory, suggesting the formulation and 
growth of nuclei, prompted further research by other inves-
tigators. 
Jach 8 bombarded lead azide with atomic nuclei. in a 
nuclear reactor to compare the decomposition of irradiated 
lead azide with that of the pure form in an effort to de-
velop an improved decomposition mechanism. He presented a 
·5 
mechanism explaining that the activation energy of decay 
4 
is lowered by radiation damage to the crystal. Young 
also worked on the nucleation theory while improving the 
mechanism presented by Jach. 
Reitzner13 showed that the seemingly autocatalytic 
effect of the lead produced in the decomposition of lead 
azide could be nullified by poisoning the catalyst with 
water vapor. 
Pai-Verneker and Forsyth12 studied mechanisms for 
controlling the reactivity of lead azide by changing the 
magnitude of the surface area of the crystals decomposed. 
Results were explained in terms of the anion vacancies 
which are good electron traps. 
,'.',' ~ ~/·' ,· :·- l.. 
15 · Walker, Gane and Bowden studied the thermal decom-
position of various sized single lead azide crystals. 
They found that the reaction rate was directly proportional 
to the original surface area of the crystals. 
Cook2 ' 3 took optical and electron micrographs of lead 
azide which.had reacted with atmospheric components. 
Cook's micrographs showed the various stages of decompo-
si tioh upon exposure to an electron beam. Cook fo.und that 
the lead az~de was inert to virtually no atmosphere, in-
cluding nitrogen. 
Kleinberg11 studied the thermal decomposition of 
alpha-lead azide and developed a mathematical model 
6 
._ ____________ ,. ______ ·- . 
. . 
describing the decomposition data. Special consideration 
was given to the BET surface area and particle size dis-
tribution of the unreacted lead azide in order to describe 
accurately a decomposition isotherm. 
7 
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EXPERIMENTAL APPARATUS 
An experimental apparatus was designed to decompose 
thermally 100 milligram batches of lead azide •. A reaction 
chamber was built and placed in an electric oven which 
controlled temperatures in the range of 216 to 232°C. A 
vacuum of about 30 microns (30 x 10-3 mm Hg) was main-
tained in· the decomposition chamber. The apparatus was 
designed to provide safety while handling, reacting and 
storing samples. Instruments were provided to monitor 
and control the reaction pressure and temperature. 
Figure 1 is a schematic diagram showing the components of 
the lead azide thermal decomposition system. A descrip-
tion of each component is listed in Appendix D. 
Lead azide was contained in an aluminum jacketed 
Teflon beaker positioned inside a heavy aluminum chamber. 
The machined cylindrical jacket ·provided a steady grip on 
the beaker. Figures 2 and 3 are enlarged views of the top 
' 
and bottom sections of the reaction chamber. Aluminum was 
chosen because it has high tensile and compressive strengths, 
is easily machinable and is rather ductile. 
A United Aircraft metal 0-ring and retainer plate, 
shown in Figure 4, both lightly greased with Apiezon H 
vacuum sea~ant, were fitted between the two reaction cham·-
ber sections and used to seal the high vacuum. Six sets 
8 
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. , 
of threaded steel rods and nuts, greased with B.lue Goop 
thread lubricant, held the two chamber sections and the 
engaged 0-ring assembly together • 
... 
. Figure 5 shows the·brass connecting adapter that 
joined lr;" copper tubing to the reaction chamber. This 
assembly was attached to the upper chamber by four set 
screws. Its surface of contact was also greased with 
Apiezon H. The lower chamber section was fitted with a 
thermocouple mounting bushing to accept an iron constantan 
bayonet-type thermocouple. Figure 6 shows the entire 
reaction chamber assembly. 
The reaction chamber was placed inside a Blue-M 
Stabil-Therm temperature controlled oven. The\" copper 
tubing exiting the oven was silver soldered to 3/8" copper 
tubing. 
Figure 1 shows the 3/8"tubing transversing a parallel 
arrangement of two stainless steel tanks. Connections 
were made with soft soldered sweat lock T joints. The tanks 
allowed the nitrogen gas given off by the decomposed lead 
azide to expand, thus keeping the pressure in the isolated 
system low and within monitoring range, below 2000 microns 
Hg pressure, of a Pirani vacuum gauge. The reaction appa-
ratus was placed ins·ide an explosion-proof room which had 
one-foot thick concrete walls. 
15 
An NRC bellows· valve, designated as valve M, was 
silver soldered to the copper tubing and isolated the eva-
cuated reactor. Figure 1 shows a panel of the Hoke Tef-
lon topped needle valves which controlled the path and 
flow rate of gas. All valve-tubing joints were soft sol-
dered to minimize leakage. Valves 1, 2, 3 were used to 
select the path through or around the cold trap. Valve· 
4 controlled the flow of nitrogen gas from a storage cy-
linder. Valves 5 and 6 isolated the vacuum pump from 
the system and valve 7 provided an emergency vent. 
The liquid nitrogen cold ·bath trap was· connected to 
the copper tubing by~" I.D. rubber vacuum tubing greased 
with Apiezon Hand fitted with tubing clamps. Its purpose 
was to trap vapors given off by the lead azide during the 
warm up period reducing contamination of the oil in pump 
A. Acetone vapors would be trapped in case lead azide 
was stored under acetone in the reactor. 
Inert nitrogen gas was used to bring the system to 
atmospheric pressure prior to disassembling the reaction 
chamber. Al" diameter, 240 mesh stainless steel screen 
was fitted ove~ the Teflon beaker to prevent loss of the 
decomposed product from the Teflon cup and prevents con-
tamination of the sample by solid particles, such as flakes 
of dried Apiezon H grease. A 0-30 in. Hg vacuum gauge 
soldered on the decomposition side of the system gave a 
16 
• ,, 
l-
1-<· ,,, 
rough indication of the system pressure. 
A metallic probe of a eve· Pirani v~cuum gauge was 
silver-soldered to the copper tubing through a machined 
brass conrtector. The Pirani gauge had two ranges, Oto 
and SO to 2000 microns Hg. A graphical display of the 
upper range was attained by attaching a Bausch and Lomb 
so 
VOM strip--chart recorder to the gauge. An experimentally 
determined calibration curve was used to convert the re-
corded strip chart numbers to corresponding pressure 
values. 
A removable Thermo Electric thermocouple was inserted 
into the lower reaction chamber and connected to a Leeds 
and Northrup millivolt potentiometer. Thermocouple con-
version tables were used to convert the millivolt readings 
to temperature values. 
All samples were weighed in a standard chain-o-matic 
type analytical balance which was sensitive to ±0.1 mg. 
Undecomposed lead azide was kept under acetone in a 
polyethylene bottle which was stored inside the explosion-
proof room. Decomposed samples of lead, collected in a 
10 ml. polyethylene vial w.i th a tiny hole drilled through 
its cap, were sto~ed in a plastic vacuum desiccator as 
shown in Figure 1. Valve 8 isolated the mechanical vacuum 
pump B from the desicc:ator and valves 9, 10 vented the des-
iccator to the atmosphere. 
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Safety Provisions 
Safety garments worn when lead azide was handled dir-
ectly included a fullface shield, a pair of ear mufflers, 
and an upper torso armor. Long wires with clips on both 
ends were used for grounding the operator and the bala~ce 
to a cold water pipe. The g.rounding wires prevented static-
electrical sparks. A plexiglass shield placed in front of 
the ba~ance gave the opera~or added protection. 
A saturated solution of eerie ammonium nitrate was 
kept available to neutralize lead azide residues resulting 
from transfer of the material, spillage, etc. The beakers 
.. 
containing Pb(N 3). 2 were kept in special trays w
hen not 
being handled in order to prevent spillage. Recesses 
drilled into these trays held the beakers securely. 
Fire extinguishers, asbestos blankets and automatic 
sprinklers are also kept on hand. 
18 
EXPERIMENTAL PROCEDU:aE 
The reactor was prepared prior to each decoi:nposi tion· 
as follows: 
(1) All vacuwn grease residues were scoured from the de-
composition assembly with nylon scouring cloth and 
acetone. 
(2) All surfaces were rinsed in acetone and wiped dry. 
(3) A thin layer of Apiezon H was applied to the seal-
ing surfaces of the chamber, the connecting adap-
ter, the metal 0-ring and the retainer plate. 
(4) The 0-ring and retainer plate were fitted onto the 
lower chamber. 
The lead azide specimen was prepared as follows: 
(1) An assistant wearing proper safety equipment was 
stationed inside the laboratory to assist in case 
of an emergency. 
(2) Receptacles of eerie ammonium nitrate and acetone 
were placed at hand. 
(3) The Teflon reaction beaker was washed in acetone, 
wiped dry_, and .weighed. The weight was recorded. 
Plastic gloves were always used· in handling to avoid 
contamination. 
(4) Safety ga~b was donned by the operator. 
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(5) The lead azide was brought from its storage area and 
placed behind a plexiglass. shield. Grounding wir~s 
were attached. 
(6) 0.18 gms of wet .lead azide (stored in· acetone) was 
spooned into the Teflon beaker with a Teflon coated 
spatula. This amount weighed approximately 0.1 gm 
when dried. Whenever the beaker was not on the 
balance tray, it was kept in the aluminum tray to 
prevent spillage. 
(7) Unused lead azide was returned to storage and the 
sample in the_beaker was allowed to dry for one hour. 
The total and net weights were measured and recorded. 
(8) The jacketed ·Teflon beaker was covered with the metal 
screen and placed within the lower chamber. The en-
tire assembly shown in Figure 5 was connected tightly,· 
and the thermocouple was inserted. After setting the 
oven to a low temperature and opening valve M, the 
system was allowed to evacuate overnight. The re-
corder was turned on to warm up. The working area 
was then wiped.with eerie ammoni,um nitrate to clean 
up remaining residues of lead azide. 
Decomposition of lead azide proceeded as follows: 
(1) After the system was evacuated overnight to below 30 
microns Hg, the oven setting was increased to the 
20 
reacting temperature. The potentiometer was standard-. 
ized and the recorder started. 
(2) The following data ~ere re.corded every 15 minutes: 
Time, pressure P (microns), potentiometer (milli-
volts), temperature T (°F), comments. Pressure was 
plotted against time· on graph paper to determine the 
progress of decomposition. 
(3) If the slope of the pressure-time curve indicated too 
rapid a reaction rate, that is, the possibility of 
imminent explosion, or if the temperature exceeded 
the maximum safe value of 430°F,.the electric oven 
was immediately turned off. It was turned on again 
to a lower temperature setting after a short cooling 
( 4) 
period. 
On9e the slope indicated that the maximum rate period 
was .over, the apparatus was left to operate unmonitored 
overnight. Only the potentiometer was turned off. 
(5) The oven was turned off the next morning if the re-
action was completed. The last three hours of pres-
sure rise, converted from overnight recorder readings, 
was compared to leakage rates which averaged 3 microns 
per hour. If the pressure rise was greater than the 
leakage rate,. the heating continued until no further 
decomposition was indicated. 
21 
• 
(6) Valve 6 was closed, the gas cylinder regulator was 
adjusted to one atmosphere, and valves 4 and M were 
slowly cracked until the pressure gauge indicated 
that the system had reached atmospheric pressure. 
(7) The operator then donned his safety garb and dis-
assembled the '")eaction chamber. 
(8) Handling with plastic gloves, the unjacketed Teflon 
beaker was weighed and the weight was recorded. 
(9) If the decomposed specimen was not completely black, 
indicating unsuccessful decomposition, it was wash
ed 
with eerie ammonium nitrate and discarded. A spec
k 
of a seemingly good sample was lifted with a woode
n 
spatula, placed behind the plexiglass shield and_ h
eated 
in an open fire. If· no explosion occurred, a comp
le_te 
decomposition was assumed, and the lead was then c
ol-
lected in a storage vial. If the sample exploded, 
it 
was stored in a marked vial for further decomposit
ion. 
(10) The storage dessicator was then opened by closing 
valve 8 and alternatingly opening valves 9 .and 10. 
The vial of the decomposed sample was placed within
 
and the reverse procedure was followed to evacuate
 
the desiccator. 
• 
( 
.... :.:. 
DISCUSSION OF EXPERIMENTAL 
APPARATUS AND PROCEDURE 
Characteristically, a plot of the pressure-time data 
of the thermal decomposition of lead azide shows that the 
reactiol) occurs in three stages - indu_ction, acceleration, 
and decay. Such a plot is shown in Figure 7. The ac-
celeratory period, occurring 2\ to 6\ hours after the 
chamber had reached the constant reacting temperature 
of 218°C, required the closest pressure and temperature 
monitor and control because the maximum rate of decom-
positibn occurred here. By close plotting and extra-
polation of the pressure-time curve, one can predict 
when the rate becomes -dangerously high, and act immediately 
to slow the reaction. Once the reaction entered the de-
cay period, no further monitoring was needed. A complete 
decomposition usually required 30 hours of heating. 
X-ray diffraction analysis of the decomposed lead 
azide revealed that there was PbO present. We suspect 
that the oxidation could have taken place within· the re-
action chamber during the post-reaction cooling period. 
The oxygen may have come from residual air in the nitro-
gen tank line or from a minute leakage rate during the 
entire decomposition period. Since we have observed 
that 0.1 gm of lead azide requires about 30 hours to 
23 
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THERMAL DECOMPOSITION OF LEAD AZIDE (A TYPICAL RUN) 
decompose, we can eliminate monitoring the reaction pres-
sure increase and allow the vacu.um pump to evacuate the 
system throughout the.decomposition period to keep the 
system free of all contaminants. Heating the sample a 
total of 42 hours, at a slightly lower reacting temper-
ature to avoid explosion, would guarantee a complete de-
composition. Temperature monitor would still be required 
during the late induction and early acceleratory periods 
to prevent excess temperature rise. If an explosion 
should occur, the reaction chamber should be able to 
withstand it without damage. After 42 hours of heating, 
and allowing an extra few hours for the reaction chamber 
to cool down to room temperature, the pump should then 
be isolated to pressurize the system with nitrogen gas. 
At room temperature, any air in the nitrogen tank line 
should not readily oxidize the.decomposed product. 
Alternatively, improved gasketing throughout the 
system might be used. 
The liquid nitrogen cold gas trap was never used in 
decomposition because it'had incurable leaks in its glass~ 
to-rubber joints. Lead azide was always loaded dry in-
stead of wet with acetone to avoid contaminating the pump 
oil. Valves 2 and 3 were always tightly locked and 
Valve 1 was opened to by-pass the cold trap. 
DISCUSSION OF RESULTS 
(1). BET Surface Area Analysis of Decomposed Lead Azide 
The BET surface area experiment on decomposed lead 
azide was performed by Mr. Harold D. Stanley, Jr., co
ur-
tesy of Pfizer· Chaser and Company, Easton, Pennsylvan
ia • 
. The sample of decomposed lead azide, weighing ap-
proximately 0.41 gms, was removed from the desiccator
 
and delivered to Pfizer Chaser and Company for analys
is. 
The amount used as adsorbent weighed 0.3030 gms. The
 
standard BET volumetric method was performed using he
-
lium gas to determine the dead space volume and nitrog
en 
gas as the adsorbate. The adsorbent was outgassed to
 
remove helium at 100°C and under 1 millitorr vacuum. 
Experimental data was processed by a computer pro-
gram at Pfizer to arrive at the final BET surface are
a 
2 
of 6.9 m /gm. 
(2). Photographic Study of. Unreacted and Fully Decom-
posed Lead Azide 
Photomicrographs of nonreacted lead azide, fully 
decomposed lead azide and a 10 micron calibrated glas
s 
scale were taken unde~ bright-field illumination at 
magnifications of approximately 320x and 370x. A Bau
sch 
and Lomb bellows-type metallogra~h fitted with a pola
r-
izing filter was used; 
26 
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FIGURE 8, Photograph of Unreacted Lead Azide, 
320x Magnification, Calibrated Scale 
10 Microns Divisions 
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FIGURE 9, Photograph of Decomposed Lead Azide 
320x Magnification, Calibrated Scale 
10 Microns Divisions 
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Photograph of Unreacted Lead Azide, 
370x Magnification, Calibrated Scale 
10 Microns Divisions 
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FIGURE 11, Photograph of Decomposed Lead Azide, 
370x Magnification, Calibrated Scale 
10 Microns Divisions 
30 
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' 
Photographs in Figures 8 and 10 show that the un-
reacted particles were colorless and transparent while 
the totally decomposed particles were black and opaqqe. 
The reacted particles retained their original bulk volume 
and shape, yet developed a porous lead structure. The 
results agree with those presented by Kleinberg
11 
Figures 8 through 11 also show that isolated par-
ticles exist in roughly cylindrical or spherical forms, 
but that some agglomerate into large nondescript masses. 
A "volume average" method given by Equation 4 was used 
to calculate the average diameter from the photographs, 
measuring the particles dimensions either as perfect 
cylinders of volume Ve or as perfect spheres of volume Vs. 
From the average equivalent spherical diameter des for 
the cylinders, and the average diameter d of the spheres, s 
the desired volume average diameter was calculated. 
(1) 
The following method was used: 
= 
= 
= 
E('.'.'.. d 2 L) 4 C 
-61r 
cP 
es 
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(3) d = [~]1/3 s ns 
En.d. 3 
(4) d [ l. l. ]l/3 = N 
n ci3 + n ,P ]l/3 [ C es s s = 
nc + n s 
Nomenclature: 
average volume of cylinders 
average volume of spheres 
V average volume of equivalent sphere 
es 
L length of cylinder 
d diameter of cylinder 
C 
d diamet~r of sphere 
s 
d equivalent spherical diameter of cylinder 
es 
d average equivalent spherical diameter of cylinders 
es 
d volume average diameter of spheres 
s 
nc number of cylinders 
n number of spheres 
s 
N total number of particles 
d volume average diameter 
I 
,:'/ 
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With the proper calibrated scale, 43 particles were 
measured assuming perfect cylinders of spheres. Particles 
measured were selected from three half-inch squares drawn 
randomly on a- 320x magnification-photograph of fully de-
composed lead azide. The results were: 
d = 3 •. 3 to 8.3 es 
a = es 6.0 microns 
d = 1.0 to 11.0 s 
d = 5.0 microns s 
d = 5.5 microns 
Shape distribution: 
spherical 60% 
cylindrical 40% 
microns 
microns 
The average partic1e diameter was 5.5 microns as compared 
to the value of 3.4 microns reported by Hutchinson
7
• His 
samples of undercomposed lead azide were taken from the 
same batch used in this experiment. His calculations 
were also based on spherical shaped particles. 
(3). Bulk Density Measurement 
The bulk density of 5.5 micron fully decomposed lead 
azide particles was found to be 1.18 gm/cc. A previously 
weighed 1.6 mm glass capillary, open at both ends, absorbed 
acetone at 72°F by capillary action, the meniscus point 
3.3 
I 
was marked and the filled capillary was weighed. The 
capillary was then completely dried, .. filled by tapping 
to the same marked point with the decomposed specimen 
and again weighed. With the known density of acetone at 
20°C to be 0.792 gm/cc, the weights of ·acetone absorbed 
and that of the sample, we found the bulk density of the 
decomposed product to pe 1.18 gm/cc. The density of non-
porous lead is 11.35 gm/cc; therefore, the porosity of 
fully decomposed lead azide is approxima~ely 90%. This 
porosity is related to BET surface area of 6.9 m
2/gm for 
the sample which is 72 times that of nonporous lead. 
(4). Comparison of Surface Areas 
The total surface area of fully decomposed lead azide 
determined by the BET method was 6.9 m
2/gm. Table (1) 
compares this figure with the surface areas of nonporous 
lead spheres and unreacted nonporous lead azide spheres. 
Decomposed lead azide has 72 times the surface area of 
nonporous lead and 30 times that of unreacted lead azide. 
This great increase in surface area was expected since 
the bulk density measurement revealed that thermal decom-
position left a large microscopic internal void space of 
90% porosity. 
Many catalysts display an activity proportional to 
the surface area; hence an investigation of uses of porous 
,; 
l 
TABLE (1) 
Comparison of Surface Areas 
Sample 
BET experi-
ment on de-
composed PbN 6 
non porous * 
lead spheres 
unreacted non-
porous PbN6 
* 
spheres 
diameter a 
(microns) 
5.5 
5.5 
*Surface Area of Sphere 
density p 
(gm/cc) 
11.35 
surface area A 
(m2 /gm) 
6.9 
0.096 
4.7 
(crystal density) 
0.232 
A= 6/pd 
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lead as a catalyst are warranted. 
(5). Study of X-ray Diffraction Patterns of Decomposed 
Lead Azide· 
An X-ray diffraction pattern was made of the fuliy 
decomposed lead azide with a Debye-Scherer camera accord-
ing to the method described in Appendix c. Study of the 
pattern indicated that all the lead lines were present, 
but also present was a small amount of litharge lead 
monoxide [PbO] and a trace amount of massicot lead mon-
oxide [PbO]. Data and comparisons with literature values 
of the interplanetary d-spacings are listed in Appendix c. 
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CONCLUSIONS 
The following conclusions regarding the thermal de-
composition of lead azide and the physical properties of 
the fully decomposed product have been made: 
(1) Lead azide decomposes :Lnto porous lead and ni-
trogen gas in the temperature range of 216· to 
232°C under vacuum of 30 x 10-3
 mm Hg. De-
composition takes about 30 hours. 
(2) A small amount of litharge lead monoxide PbO 
was indicated by X-ray diffraction patterns 
of the decomposed·product. It may have been 
produced by oxidation of the lead during the 
cooling period. 
(3) Photomicrographs revealed that fully decom-
posed lead azide retained its original size 
and shape although it changed from colorless 
and transparent to completely opaque. For 
both nonreacted and decomposed specimens the 
average particle diameter was 5.5 microns; 
in both cases 1 approximately 66% of the par-
ticles were roughly spherical while 40% were 
roughly cylindrical. 
(4) Capillary measurements sh9wed that decomposed 
lead azide has a bulk density of 1.18 gm/cc 
with a 90% porosity. 
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( 5) Decompos.ed lead azide, analyzed by BET methods_, pos-
sesses a total surface area of 6.9 m2/gm as compared 
with 0.096 m2/gm calculated for -5.5 microns nonporous 
spherical lead particles and 0.232 m2/gm for un-
reacted lead azide. 
(6) Because of the results of this study, it is felt 
that decomposed lead azide with its large pore space 
and consequently high surface area deserves further 
investigation into its merits as a catalyst. Also, 
because porous lead is so easily oxidized, unreacted 
lead azide ~ay be slowly heated in high vacuum sys-
tems to remove the last traces of oxygen if the 
presence of the nitrogen released is not objection-
able. Porous lead may also be useful in automobile 
pollution abatement systems to adsorb exhaust con-
taminants such as .lead. 
38 
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RECOMMENDAT'IONS FOR·FUTURE WORK 
The main objectives of this research project have 
been achieved.· The results of this project show that 
there are several new and interesting areas worthy of ad-
ditional invest;i.gation. The future work should include 
the following studies: 
(1) The experiments conducted in this study showed that 
decomposed lead azide has a large BET surface area. An 
effort should be made to find out uses for this unique 
form of lead. It may be possible to use it as a catalyst. 
Experiments should be conducted to determine under what 
conditions porous lead acts best as a catalyst and when 
it is poisoned. 
(2) It is probable that other materials such as barium 
azide and silver azide decompose in a manner similar to 
lead azide. A study should be made to compare the de-
compositions and physical properties of these various 
azides. 
(3) The decomposed lead azide collected in this study 
was contaminated with litharge lead monoxide which may 
have affected the measured physical prope.rties. Addi-
tional lead azide should be decomposed with the vacuum 
pump evacuating the reaction chamber at all times as 
prescribed in the section "Discussion of Experimental 
_ 39 
Apparatus and Procedure". This new batch of porous lead, 
assumed to have less contaminants, should be compared to 
porous lead.prepared in this study for purity and physical 
prop.erties . 
(4) The lead azide used in this study was highly_pure as 
reported in Appendix B. It would be interesting to de-
compose a batch of "doped" samples as suggested by Hut-
chinson7, to determine the effects of impurities.on the 
decomposition of lead azide and the physical properties 
of the resulting product. 
(5) The size of the lead azide particles may affect its 
physicg.l properties. Samples of different size diameters 
shouid be decomposed, analyzed and compared. 
40 
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APPENDIX A 
Preparation of Lead Azide . 
The lead azide used in this experiment was of ·ultra~ 
high purity and was specially prepared by the Explosive 
Research Laboratory at Picatinny Arsenal. 
To prepare the alpha-lead azide, nitrogen trioxide 
was slowly bubbled into a water suspension of pure lead 
oxide containing less than 10 ppm total metallic impuri-
ties. The reaction was stirred and cooled to 0°C by 
an ice bath. The lead oxide eventually dissolved forming 
a clear pale yellow solution of lead nitrite. 
Further bubbling the lead nitrite solution with gaseous 
hydrazoic acid immediately precipitated lead azide. Hy-
drazoic acid was continually added until the supernatant 
liquid became clear indicating lead azide was completely 
precipitated out of solution. 
The final suspension was filtered, tl1e lead azide 
was washed with water and alcohol and dried over P2o5 
under vacuum for twent"y-four hours. Because lead azide 
"ages" under normal ·1ight, the entire preparation was 
carried out under darkroom lamps. The samples thus pre-
pared had perfectly translucent crystals and appear to 
4~. 
be pure white fine powder. It was then stored under 
- . 
acetone in polyethylene screw-cap storage·bottles • 
. l
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* 
Mass Spectographic Analysis of Pb(N3) 2 (ppmw) 
This mass spectrographic analysis of the Pb(N3) 2 
used in this experiment was performed by Battelle Memor-
ial Institute. They used a spark-source mass spectro-
graph which is generally regarded to be accurate within 
a factor .of three with relative· accuracy being better. 
*The impurity concentrations, observed as parts· per 
million, atomic basis, were converted to ppmw by using 
as a base the molecular weight of Pb3o4 (686) which was 
simultaneously analyzed by Battelle for a separate ex-
periment. 
Element ppmw Element ppmw 
Li <0.0002 Cr 0.5 
Be <0.001 Mn 0.3 
B 0.5 Fe 10. 
F 1.0 Co 0.04 
Na 30. Ni 0.2 
Mg 4. Cu 0.6 
Al 2. Zn 0.7 
Si 4. Ga <0.1 
p 0.3 Ge <0.01 
s 1. As 0.02 
CR. 7. Se <0.03 
K 6. Br 0.2 
Ca· 6. Rb . <O. 0 2 
Ti 0.6 Sr 0.03 
V <0.05 y 0.003 
43 
Element ppmw Element ppmw 
Zr ·~0.01 Lu <0.006 
Nb 0.007 Hf <0.02 
Mo <0.04 Ta ~3. 
Ru <0. 02 w <0.02 
Rh <0.5 Re <0.01 
Pd <0.03 Os <0.02 
Ag <0.4 Ir <0.01 
Cd <0.4 Pt <0.02 
In <0.01 Au <0.06 
Sn <0.04 Hg <0.06 
Sb <0.02 Ti <0.06 
Te <0.01 Bi 2. 
I 0.4 Th <0.02 
Cs <0.01 u <0.02 
Ba 1.0 
La <0.01 
Ce 4. 
Pr <0.004 
Nd <0.05 
Sm <0.03 
En <0.01 
Gd <0.02 
Tb <0.005 
Dy <0.02 
Ho <0.005 
Er <0.002 
Tm <0.02 
Yb <0.02 
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APPENDIX C 
X-ray Diffraction Analysis of Decomposed Lead Azide 
X-ray diffraction was used to study the composition 
of the fully decomposed sample of lead azide. A study of 
the X-ray pattern is shown in Figure 12. The res~lts in-
dicate that besides pure lead, there is also present a 
small amount of litharge lead monoxide [PbOl and a neg-
ligible amount of massicot lead monoxide [PbO]. 
Experimental Procedure 
A hand drawn fine glass capillary, thinly smeared 
with petroleum jelly; was dipped into the storage vial 
of decomposed lead till the powder covered the capillary 
surface. The glass fiber was then carefully inserted 
into a 114.6 mm Debye-Scherer camera loaded with 35 mm 
diameter cylindrical film according to the Straumanis 
Method4. The camera was exposed to CuK (N. filter) a i 
radiation for 1\ hour~, and developed with standard 
developing p:r;ocedures obtaining Debye-Scherer patterns 
(See Fig. 12). The film was placed on a measuring device 
and values of e for each line we.re calculated. Each 
, ' 
value was corrected for film shrinkage. Corresponding 
interplanar spacing a-values were subsequently _found and 
. 
the powder components identified. Tabulation of data 
45 
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FIGURE 12, X-Ray Patterns of Decomposed Lead Azide 
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recorded from .the film, together with identification of 
lines are presented in Appendix o. 
Discussion of Results 
17 . 
Comparison of experimental and literature values 
of the interplanar spacing d-values reveal that all the 
lead lines are present and the values match within ex-
perimental and calculational error. Non-lead lines 5, 
6, 7, 9, 10, 13, 19, 20 reveal that there are impurities 
present. Within experimental error, all these lines ex-
cept 4, 7, 13 match the a-spacings of litharge PbO. The 
very faint lines 4, 7, 13 may be due to a trace amount 
of massicot PbO present. All the literature litharge 
lines with relative intensities (I/I,) greater than 5 
are present except ford-values of 2.SlO(I/I, = 18) 5.018 
(I/I,= 5) and 1.558 (I/I,= 6). The latter two lines 
may have been too weak to detect while that of 2.510 may 
have overlapped with lead line 3 of d-value 2.475. Lith-
arge lines overlapped lead lines in lines 2, 12, 14 
which prevents greater positive identification of lith-
arge. However, the lines that are present indicate that 
litharge is an impurity in the sample. 
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Calculations for d.interplanar spacinns. <"' 
Calculation of W to correct for film shrinkage following 
procedure proposed by Cullity4: 
Y e a+a' + b+b' a+a'+ ... +o+o' Y- ~ 9 30 
2 
E:!:E..'... ~ X ~ 2 + 2 + ... = 
W = X-Y 
45 K = w 
For 8<45° 
2 
p+p I+ .•• +V+V' 
14 
0 = 4S(K) e.g. 4S = a'-a 
For 0>45° ¢ = K(4T) 
Since 0 + ¢ = 90, 
e.g. 4T = p'-p 
0 = 90 - ¢ 
f . bl f I 1 S . 
18 f Re erring to Ta es o nterp anar pacings · or copper 
radiation K converts 0 to d-values. 
a 
y = 
X = 
338.7 
30 
408.9 
14 
= 11.291 (see next page for figures) 
29.208 
W = X-Y = 29.208-11.291 = 17.917 
45 K = W = 2.512 
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Line Readings·. 4S(e.g. a'-a) 8 = 4S(K) · 
1 a 8.440 a' 14.165 5.725 14.381 
2 b 8.180 b' 14.430 6.250 15.700 
3 C 7.660 c' 14.925 7.265 18.250 
4 d 7.490 d' 15.075 7.585 19.054 
5 e 6.755 e' 15.830 9.075 22.796 
6 f 6,430 f I 16,145 9,715 24,404 
1 g 6.200 g• 16.335 10.135 25.459 
8 h 6.075 h' 16.520 10.445 26~238 
9 i 5.820 i I 16.750 10.930 27.456 
10 j 5.290 'I J 17.270 11. 980 30.094 
11 k 5.085 k' 1'7. 510 12.425 31. 212 
12 1 4.770 l' 17.810 13.040 32.757 
13 m 4.650 m' 17.950 13.300 34.310 
14 n 3.485 n' 19.100 15.615 39.225 
15 0 2.770 o' 19.820 17.050 42.830 
8>45 4Te.g. (p'-p) p=4T(K) 8=90-~ 
17 p 21. 215 p' 37.195 15.980 40.142 49.858. 
18 q 22.075 q' 36.340 14.265 36.738 53.262 
19 r 22.335 r' 36.060 13.725 34.477 55.523 
20 s 22.605 s' 35.805 13.200 33.158 56.842 
21 t 23.585 t' 34.830 11.245 28.247 61.753~ 
22 u 24.690 u' 33.750 9.060 22.759 67.241 
23 V 25.070 v' 33.370 8.300 20.850 69,150 '\ 
) 
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Line d Identification d 
(exper.imental) 18 (literature)
17 
1 3.0973 PbOLith.PbOMas. 3.115,3.067 
2 2.8465 Pb , PbOLith. 2.855,2.809 · 
3 2.4596 Pb 2,475 
4 2.3540 PbOM 2.377 as. 
5 1.9876 PbOLith. 1..988 
6 1.8645 PbOLith. 1.872 
7 1.7924 PbO · Mas. 1. 797 
8 1. 7415 Pb 1.750 
9 1.6709 PbOLith. 1. 675 
10 1.5359 PbOLith. 1.542 
11 1.-4869 Pb 1.493 
12 1.4238 Pb , PbOLith. 1.429,1.405 
13 1. 3670 PbOM 1. 363 as. 
14 1.2174 Pb , PbOLith. 1.238,1.219 
15 1.1326 Pb 1.1359 
16 :::1.11 Pb 1.1069 
17 1. 0077 Pb 1. 0105 
18 0.9613 Pb 0.9526 
19 0.9346 PbOLith. 0.9365 
20 0.9200 PbOLith. 0.9200 
21 0.8744 Pb 0.8752 
22 0.8352 Pb · 0.83.69 
23 0.8242 Pb 0.8251 
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APPENDIX D 
Specifications for Apparatus Components and Reasons for , 
Their Selection 
1. Teflon beaker 
Chemware 10 ml TFE Teflon beaker withstands tempera-
tures up to 260°C, has good pouring characteristics, 
resists wear and contamination, and is easy to .clean. 
2. Vacuum sealing grease 
Apiezon H, a soft grease, has vapor pressure of 10-
9 
mm Hg at 250°C and melting point of over 250°C. 
3. a-ring and retainer plate assembly 
United Aircraft Products Flange-a-seal assembly 
utilizes a Self-Energized #321 stainless steel 
Metal~ic a-ring semi-fastened into a Cress 300 
series retainer as shown in Figure 4; temperature 
range of -423°F to 1800°F and seals in a high 
vacuum. Holes manufactured in a-ring equalizer 
interior and exterior tube pressures preventing 
tube collapsing and allowing repeated loadings 
without replacement. 
3. Electric oven 
Blue M Stabil-Therm electric oven with temperature 
range of 38°C to 2,60°C; temperature regulated by a 
0-25 calibrated control dial; automatic temperature 
51 
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control·k~eps temperature constant. The oven requires 
about three hours to reach maximum temperature from 
room temperature. 
4. Ballast tanks 
Two 500 psi stainless steel tanks; capacity of 10 
gallons each. Distributed by A.C. Tank Cb. 
5. Valve M 
NRC model 1251 bellows valve; ca·pable of sealing a 
vacuum to 10-lO terrs. 
6. Valves 1 through 10 
3/8" panel mounted Hoke Teflon tipped needle valves. 
7. Pirani vacuum gauge 
eve GP-110 gauge has two ranges; Oto 50 and 50 to 
2000 microns Hg. Upper scale has recorder output. 
8. Thermocouple 
Thermo Electric iron constantan bayonet spring loaded 
type; temperature ra?ge of 75 to 800°F; has fiber-
glass insulated lead. 
9. Potentiometer 
Leeds and Northrup potentiometer; capable of handling 
0.000 to 99.999 mv . 
._, 
10. Chart recorder 
Bausch and Lomb 2.5 mv, 3 speed, single channel, 
strip chart recorder • 
. 52 
11. LN2 cold trap 
Pyrex cold bath trap ·enclosed in a 4300 ml Thermos 
brand dewar·. 
12. Nitrogen gas 
Air products high purity grade N2; gas tank fitted 
with a single stage regulator. 
13. Vacuum pump A 
Cenco Megovac Mechanical vacuum pump; capability.of 
0.1 micron Hg under ideal conditions. 
14. Vacuum pump B 
Duo-Seal vacuum pump. 
15. Dessicator 
Bel-Art 235 rtun O.D. plastic desiccator with rubber 
0-ring. 
16. Balance 
Seederer-Koldbusch chainweight analytical balance; 
Vernier reading to ±0.1 mg. 
,. 53 
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